Abstract. The identity of Boletopsis collections from North America was compared with material from Europe using molecular techniques. Sequencing of the complete ITS region was conducted to see whether or not the European material could be correlated with that from North America as the presently accepted synonymy would suggest. It was found that the North American collections could be separated into two taxa. 
the literature would suggest. There appears to be at least four distinct species of Boletopsis in North America: B. grisea; B. perplexa recently described from native Pinus sylvestris woodlands of Scotland; B. smithii; and an undetermined taxon. The latter requires further collections and analysis.
Key Words: Boletopsis, B. grisea, B. perplexa, B. smithii, Eastern North America, West Coast North America, biogeography, mycorrhiza
Dedication
It is a great pleasure to be able to offer a contribution to honour the work of Jack Rogers which has spanned many years. Although he rarely studied in depth members of the Basidiomycota we believe that this article is in the spirit of his understanding of how mycology should be conducted, that is to marry classical morphological and ecological methods with modern techniques. No method is better than any other and often one method answers questions spawned by others. Here we demonstrate this phenomenon amongst a group of terrestrial polypores known to occur in Jacks' own 'backyard'.
Introduction:
Boletopsis world -wide is a rather small genus of ectomycorrhiza forming, stipitate poroid fungi characterised by irregularly polygonal, angular, hyaline to pale brown basidiospores. It is phylogenetically related to Thelephora, Tomentella and many of the stipitate hydnoid fungi. It is comfortably accommodated in the Thelephorales albeit being the only poroid member, a feature which places it in the Boletopsidaceae. Three species are recognized in the literature, viz. B. leucomelaena (Pers.) Fayod, the type of the genus, B. grisea (Peck) Bond. & Sing. and B. smithii K. Harrison, the last a fungus based on a single collection from Washington State, USA. The nomenclature of the first two species has been hotly disputed over the years but the arguments clearly stated by Niemelä & Saarenoklsa (1989) in their monograph of European members are now universally accepted.
Boletopsis leucomelaena is found with Picea throughout Scandinavia and beyond but is nowhere as frequent as the closely related and very similar B. grisea. The latter although less restricted in its occurrence is always found with Pinus. It is recorded from the Canary Islands, France, Germany, Poland, Spain, Switzerland as well as the Nordic Countries. It appears to avoid the Atlantic fringe and apparently is more common northwards. In North America Overholts (1953) notes B. grisea from Alaska, New Hampshire, Massachusetts, Michigan, Montana, New Hampshire, New Jersey, New York, North Carolina, Pennsylvania, Tennessee and Washington. Gilbertson & Ryvarden (1986) may add other States in their listings under B. subsquamosa (Fr.) Kolt. & Pouzar, but only re-examination of the material would be able to confirm these sightings. From our own observations B. leucomelaena is also recorded from the Pacific Northwest and from Japan. In Europe it is known from Scandinavia but with few records from the west, Denmark (Vesterholt & Knudsen, 1990 ), Poland (Wojewoda & Lawrinowicz, 1986 , the Netherlands (Arnolds, 1995) , Scotland (Smith & Rea, 1907; see Coppins & Watling, 1997) , Slovakia (Kotlaba, 1984) and Switzerland (Breitenbach & Kränzlin, 1986) . Gilbertson & Ryvarden (1986) Molecular studies: DNA was extracted from dried specimens following a modified version of the protocol in Gardes & Bruns (1993) . 20-50mg of tissue were collected into separate 1.5 ml Eppendorf tubes, frozen in liquid nitrogen and then crushed and ground with a micro-pestle in the tubes. DNA was incubated with 2x CTAB lysis buffer, washed twice with chloroform: isoamyl alcohol (24:1), precipitated overnight at -20  C in an equal volume of ice-cold isopropanol and resuspended in 50  l of TE buffer.
The primers used for PCR-amplification were the fungal specific ITS1-F (Gardes & Bruns 1993) and universal ITS4 (White et al. 1990) . A 1  l aliquot of DNA was included in a final reaction volume of 25  l consisting of the following components (given as final concentrations): 1x reaction buffer; 200 M dNTP's; 2.5mM MgCl2; 0.3  M primers; 0.025 units/ l Biotaq DNA polymerase (Bioline). The reaction mix was made up to final volume using sterile distilled water. The cycling parameters set for the PTC-200 Peltier DNA Thermal Cycler (MJ Research) were as follows: initial denaturation at 94  C for 3 minutes; 30 cycles of denaturation at 94  C for 30 s, annealing at 55  C for 60 s and extension at 72 C for 90 s; final extension at 72  C for 10 minutes; stored at 4  C at end of reaction.
Prior to sequencing, PCR products were cleaned using Qiaquick purifying columns (Qiagen). The complete ITS region was sequenced using primers ITS1-F and ITS4. Sequencing reactions and clean-up of products were carried out according to the protocols recommended for use with the CEQ 8000 (Beckman) sequencer.
Sequences were aligned in BioEdit v7.0 (Hall 1999) along with six sequences obtained from European Boletopsis material as part of another study (Watling & Milne, 2007) . (See Table 1 for complete list of sequences included in the alignment). Inferences regarding the identity of the North American specimens were made from pair-wise sequence percentage similarity calculations and examination of informative sites in the alignment.
Results: ITS sequences were successfully obtained from six specimens of the North American material (Appendix 1). Two of the undetermined specimens labelled Boletopsis sp. (EF457902, EF457903) were found to be the same as the sample from Oregon labelled Boletopsis grisea (EF457901). The sequences of all three of these samples closely matched those of Boletopsis grisea specimens from Finland (DQ408768, DQ408769, DQ408770). Therefore it is now possible to say that North American collections of Boletopsis grisea are indeed con-specific with European collections sonamed based on the monograph of Niemelä & Saarenkso (1989) . Furthermore the results showed that the North American collection labelled B. subsquamosa (EF457899) was the same as the B. grisea specimens, thus supporting the literature researches previously carried out (Niemelä & Saarenoksa, 1989 44, 52, 53, 135, 142, 144, 145, 195 With one collection aligning with B. perplexa and the additional unique sequence it looks as if at least two more Boletopsis spp., excluding B. smithii, are to be found in North America than previously described. Overholts (1953) described B. grisea (ut Polyporus) as growing 'on the ground in coniferous or deciduous woods'. There is a vast literature on the often rather tight specificity of many ectomycorrhizal fungi with their hosts so one might interpret Overholts concept as possibly covering some of the unusual entities noted above. Except for the morphology unfortunately we know very little about B. smithii as it was brought into a Mushroom Fair by an amateur collector presumably collected in conifer woodland but the putative tree host is unknown (Harrison, 1972) . We could therefore not make any sensible comparisons.
Discussion: Pilát (1936-42) recognized an affinity of Polyporus subsquamosus (L) Fr., considering it a species of Caloporus, with Boletopsis grisea. He not only considered them the same but purely a form of B. leucomelaena and for this entity used the epithet f. subsquamosa (L.) Pilat. Subsequent European authors retained the autonomy of these two fungi but differed in their interpretation of Fries' Polyporus subsquamosus. Ryvarden & Gilbertson (1986) went further by reinstating 'subsquamosus' to full specific rank making both B. grisea and B. leucomelaena synonyms of it, along with Polyporus earlei Underw., a species described from pinewoods in Auburn, Alabama, North America (Underwood, 1897) . Later these same authors (Ryvarden & Gilbertson, 1993) considered P. subsquamosus as probably not a species of Boletopsis at all but possibly representing Albatrellus ovinus (Schaeff.: Fr.) Maire, something maintained by Niemelä & Saarenoksa (1989) . According to Ryvarden & Gilbertson (1993) Boletopsis leucomelaena is a component of the central spruce forests of Scandinavia (Finland, Norway, Sweden) and these same authors indicate the species is 'circumboreal in the conifer zone but everywhere rare'. It is apparently a southern continental species. Boletopsis grisea, in contrast, grows in continental Europe in dry forest type with Pinus sylvestris, indeed similar to the habitats in which B. perplexa has been found in Scotland. It is known in such communities in Scandinavia (Finland, Norway and Sweden). In its North American distribution it has even been reported on decaying Pinus from Montana (Weir, 1915) .
This observation alone does not indicate
Boletopsis is a wood-rotter, as many ectomycorrhizal fungi will fruit on old stumps, trunks etc. under favourable conditions. Boletopsis grisea was originally described by Peck (ut Polyporus, 1874) from Copake, Columbia Co., New York State and apparently the molecular data from a collection within its eastern range in the United States agrees with the Scandinavian collections but is distinct from the most recent Scottish collection known only from dry pine-woods. The identity of Asiatic collections may also need some attention as the identification of the single Korean sample included in the study and named B. leucomelaena agreed with B. grisea (Watling & Milne 2007) . This is contrary to the fact that B. leucomelaena is generally considered the species distributed in this part of the world (Imazeki et al, 1988) and certainly in Japan. The name Polyporus earlei Underw. is available for use and may in fact represent one of the additional entities recognised in this study; more critical studies in North America are undoubtedly required. Whatever the result of such studies the previous simplified approach adopted by some authors is no longer supported by our own studies.
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